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ELECTRO-OPTICAL DEVICE, WIRING SUBSTRATE, AND ELECTRONIC 

APPARATUS 



BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to electro-optical devices and electronic 
apparatuses. The present invention particularly relates to an electro-optical device including 
current-driven electro-optical elemen^p^ch as organic electroluminescent elemen^^Talso" 7 
relates to an electronic apparatus incmSing such an electro-optical device. 



Description of RelatediArt % * 
[0002] C Electroluminescent devicesuncludi^g 



expected tu bi Hi fur next-generatioiwiisplays Yse^for example, Patent Doouqiont l^ pxej** 
pixels each include|( corresponding light-emitting layers, each disposed between 
corresponding pixel electrodes and a counter electrode, &£^nittly(g light when a current is 
applied between the pixel electrodes and the counter electrode. 
[Paluit Duimiiuil 1 I n ternational Publication No. WO 98/36407^ " 

[0003] In such electroluminescent devices in which light is emitted by applying a 
current, since the luminescence depends on the amount of current, the structure and layout of 
wiring f&tf applyftjfe currents or driving voltages to pixels must beloptimiz^d.^^^0 j^c- 

le present invention htw> Llui made in view u/the above^ituationfand it^s. 
on object of the preoont invontion4o provide^an electro-optical device in which steady 
currents or driving voltages can be applied to pixels and also provide an electronic apparatus 
including such an electro-optical device. 



nxels 



hSvo be ecu ^ 



"SUMMARY OF THE INVENTION 



[0005] In order to/solye the above pr obloms , an electro-optical device of the present 
invention includes a plurality of first electrodes disposed in an effective region on a substrate; 
a second electrode acting as a common electrode for a plurality of the first electrodes: a 
plurality of electro-optical elements l£acn disposed between the second electrode and the 
corresponding first electrodes; first wiring lines ffc^applyi^ power-supply voltages to the 
first electrodes; and a second wiring line, connected to the second electrode, lying between 
the effective region and at least one of a plurality of sides of the substrate, wherom tjfe area of 
the second wiring line disposed on the substrate is larger than the total area of parts of the 
first wiring lines, the parts being disposed outside the effective region on the substrate. 
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[0006J According to the above electro-optical device, since the second wiring line, 
connected to the second electrode acting as a common electrode for a plurality of the first 
electrodes, lying on the substrate has a large area, the wiring resistance can be reduced, 
thereby applying steady currents to a plurality of the electro-optical elements. 

[0007] If the area of a region located outside the effective region must be rt-X* <^J^ - r 
minimized, the area of the second wiring line disposed on the substrate is preferably larger 
than the total area of parts of the first wiring lines &f applyij^ power-supply voltages to the 
first electrodes, the parts being disposed outside the effective region on the substrate. 

[0008] In the above electro-optical device, the^term "effective region" is defined as 
a region having electro-optical functions or a region ffc^displa^g an image. 

[0009] In the above electro-optical device, the second wiring line preferably has a 
portion having a width larger than that of the first wiring lines. 

[0010] In the above electro-optical device, the width of the entire second wiring line 
may be larger than that of the first wiring lines. 

[0011] In the above electro-optical device, a plurality of the electro-optical elements 
ma^be^acj^placed between the second electrode and the corresponding first electro4e|^jid 
may each include corresponding light-emitting layers that emit light when currents are 
applied between the second electrode and the corresponding first electrodes^ plurality of the 
electro-optical elements may include a plurality of types of elements classified depending on 
the color of light emitted from the light- emitting layers, and the first wiring lines may be 
arranged depending on the color of emitted light. 

[0012] In the above electro-optical device, the width of the second wiring line 
disposed outside the effective region may be larger than the width of part of one of the first 
wiring lines arranged depending on the type of the electro-optical elements, the part being 
disposed outside the effective region, the one being the widest of the first wiring lines. 

>0Itt3] In the above electro-optical device, the substrate may have a dummy region 
disp((s^bej>veen the effective region and at least one of a plurality of sides of the substrate, 
and the first wiring lines and the second wiring line may be arranged between the dummy 
region and at least one of a plurality of sides of the substrate. 

[0014] In the above electro-optical device, the second electrode may cover at least 
the effective region and the dummy region. 

[0015] In the above electro-optical device, a connection between the second wiring 
line and the second electrode preferably lies between the effective region and at least three of 
a plurality of sides of the substrate. 



[0016] As described above, since the connection between the second wiring line 
and the second electrode has a large area, proble^^ich as unstable currepi^n be O^fcoO 
eliminated. 

[0017] In the above electro-optical device, a plurality of the first electrodes are 
preferably each included in corresponding pixel electrodes arranged in the effective region 
and each include a plurality of control lines S^fttansmitt^g signals ft^controll^g the pixel 
electrodes, and a plurality of the control lines are preferably arranged such that each control 
line and at least one of the first wiring lines and the second wiring line do not cross on the 
substrate. 

[0018] When the control line and each first wiring line or the second wiring line 
cross, a parasitic capacitance is formed between the control line and the first wiring line or 
between the control line and the second wiring line. Thereby, the following phenomena are 
caused in some cases: signals transmitted to the control lines are delayed and dull signals are 
transmitted. However, since the control lines are arranged such that each control line and the 
first wiring line or the second wiring line do not cross, t^problep^inchi^m dete^ in 
transmitting signals to the control lines and such dull signals crni befehminated. 

[0019] In the above electro-optical device, the control lines may each include 
corresponding scanning lines Jj^rtransmitt^g scanning signals to the corresponding pixel 
electrodes and also each include corresponding data lines fi^^?nsmitt5^ data signals to the 
corresponding pixel electrodes. 

[0020] In the above electro-optical device, the electro-optical elements may each 
include corresponding hole injection/transport layers and corresponding light-emitting layers 
containing an organic electroluminescent material, each hole injection/transport layer and 
light-emitting layer being stacked. 

[0021] An electronic apparatus of the present invention includes the above electro- 
optical device. 

[0022] A wiring substrate, used for electro-optical devices each including electro- 
optical elements each disposed between a plurality of corresponding first electrodes and a 
second electrode acting as a common electrode for the first electrodes, includes a plurality of 

WO 

first electrodes disposed on a substrate, first wiring lines fe^applyii^power-supply voltages 
to the first electrodes, and a second wiring line connected to the second electrode whesein- 
jfie second electrode is disposed outside an effective region having the first electrodes therein, 
and the area of the second wiring line disposed on the substrate is larger than the total area of 
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parts of the first wiring lines, the parts being disposed outside the effective region on the 
substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic vi^y showing a wiring structure of an electro-optical 
device according to anfen^odiment of the present invention^ 

[0024] FIG. 2 is a schematic plan view showing the electro-optical device according 
to they^n^odimOTt of the present invention^ 

[0025] FIG. 3 is a sectional view taken along tb o ti ^c A- A' of FIG. 21 

[0026] FIG. 4 is a sectional view taken along tho line B-B* of FIG. 2j 

[0027] FIG. 5 is a sectional view showing a main part of a pixel electrode cluster 
region 11 2l - fc( ^ 

[0028] FIG. 6 in nnfflluntrntinn showing steps of manufacturing the electro-optical 
device according to thefembodim^t^^e^ 

[0029] Fid* 7 nTanothor illuctr a tion showing steps of manufacturing the electro- 
optical device according to the^mbodiment of the present inventionl 

[0030] FIG. Mfi anoth e r illuctration showing steps of manufacturing the electro- 
optical device according to the^embodiment of the present invention. 

[0031] FIG. 9 ia another illustration showing steps of manufacturing the electro- 
optical device according to the^m^SimeiUof tii|^res^nt in^ent^^^ ^yd<*-> 

[0032] FIG. 10 is an illuotratiol fshowing an exemplary electronic apparatus 
including an electro-optical device according to ar/en^dunei^of the present invention. 

[OOSS^p^G. 1 1 is a'perspective view showing a mobile phone ^r illustrating 
another/electronic apparatus. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0034] An electro-optical device and electronic apparatus according to the present 
invention will now b^ described in detailed th reference to the attached drawings. In the 
following drawings, in order to show each layer and member in the drawings on a 
recognizable scale, different scales are used for showing the layers and members. FIG. 1 is a 
schematic vi^ showing a wiring structure of an electro-optical device according to an ctj^^^ 
embodiment of the present invention. 

[0035] The electro-optical device 1 shown in FIG. 1 is an active matrix type organic 
EL device including thin-film transistors (hereinafter rofnrrrri tn as TFTs) function^^^ 
switching elements. As shown in FIG. 1, the electro-optical device 1 of this/embodiment 
includes a plurality of scanning lines 101, signal lines 102 extending such that each signal 



lines 102 and each scanning line 101 cross, and a plurality of luminescent power-supply lines 
103 extending in parallel to the signal lines 102, and has pixel regions A each disposed in the 
vicinities of corresponding intersections of the scanning lines 101 and signal lines 102. The 
scanning lines 101 and signal lines 102 are herein defined as parts of control lines. 

[0036] The signal lines 102 are connected to a data driving circuit 104 including a 
shift register, a level shifter, video lines, and analogue switches. The signal lines 102 are also 
connected to an inspection circuit 106 including TFTs. The scanning lines 101 are connected 
to scanning driving circuits 105 another shift register and level shifter. 

[0037] A pixel circuit including the following components is disposed in each pixel 
region A: a switching TFT 1 12, a capacitor Cap, a current TFT 123, a pixel electrode (first 
electrode) 1 1 1, a light-emitting layer 110, and a cathode (second electrode) 12. The 
switching TFT 1 12 includes a gate electrode connected to each scanning line 101 and is 
turned on or off depending on scanning signals transmitted from the scanning line 101. The 
capacitor Cap stores a pixel signal transmitted via the switching TFT 112 from each signal 
line 102. 

[0038] The current TFT 123 includes a gate electrode connected to the switching 
TFT 112 and the capacitor Cap. The pixel signal stored in the capacitor Cap is transmitted to 
this gate electrode. The pixel electrode 1 1 1 is connected to the current TFT 123, whereby a 
driving current is applied to the pixel electrode 111 from each luminescent power-supply line 
103 when the pixel electrode 1 1 1 is electrically connected to the luminescent power-supply 
line 103 with the current TFT 123 disposed therebetween. The light-emitting layer 1 10 is 
disposed between the pixel electrode 111 and the cathode 12. 

[0039] The light-emitting layers 110 include three types of layers: red light- 
emitting layers 1 10R ft^mitt^g red light, green light-emitting layers HOG ija^raiit^g 
green light, and blue light-emitting layers 1 10B f^f emitting blue light. The red, green, and 
blue light-emitting layers 1 10R, 1 10G, and HOB are arranged in a striped pattern. Red, 
green, and blue luminescent power-supply lines 103R, 103G, and 103B are connected to the 
red, green, and blue light-emitting layers 1 1 OR, 1 1 0G, and 1 1 0B, respectively, with the 
current TFTs 123 each disposed therebetween and also connected to a luminescent power- 
supply circuit 132. Since the driving potentials of the red, green, and blue light-emitting 
layers 1 10R, HOG, and 1 1 0B are different from each other, the red, green, and blue 
luminescent power-supply lines 103R, 103G, and 103B are arranged depending on color. 

[0040] In the electro-optical device 1 of the present invention, first capacitors Ci are 
each disposed between the cathode 12 and each of the red, green, and blue luminescent 



power-supply lines 103R, 103G, and 103B. When the electro-optical device 1 is turned on, 
charges are stored in the first capacitors Ci. When the potentials of driving currents flowing 
in the luminescent power-supply lines 103 fluctuate during the operation of the electro- 
optical device 1, the stored charges are supplied to the luminescent power-supply lines 103, 
thereby reducing the potential fluctuation of the driving currents. Thus, the electro-optical 
device 1 can normally display an image. 

[0041] In the electro-optical device 1, when scanning signals are transmitted to the 
switching TFTs 1 12 from the scanning lines 101 and thereby the switching TFTs 1 12 are 
turned on, the potentials of the signal lines 102 are stored in the capacitors Cap. The current 
TFTs 123 are then turned on or off depending on the potentials stored in the capacitors Cap. 
Driving currents are applied to the pixel electrodes 1 1 1 via channels of the current TFTs 123 
from the red, green, and blue luminescent power-supply lines 103R, 103G, and 103B, and 
currents are applied to the cathode 12 via the red, green, and blue light-emitting layers 1 10R, 
HOG, and HOB. In this operation, light is emitted from the light-emitting layers l ^T"^ 
wbetein^he quantity of the emitted light depends on the quantity of currents flowing in the 
light-emitting layers 110. 

[0042] A particular configuration of the electro-optical device 1 according to this c^^W^c^ 
embodiment will now W describedAvith reference to FIGS. 2 to 4. FIG. 2 is a schematic plan 
view showing the electro-optical device 1, FIG. 3 is a sectional view^aten along t he lin ^ f** K *' 
A-A' of FIG. 2, and FIG. 4 is a sectional view taken along t h e lin gTB-B* of FIG. 2. As shown 
in FIG. 2, the electro-optical device 1 includes a substrate 2; a pixel electrode cluster region 
(not shown); the luminescent power-supply lines 103 (103R, 103G, and 103B); and display 
pixel section 3 (the section surrounded by the c^t ^^ chain line in the figure). 

[0043] The substrate 2 c omprij^ , for example, a transparent materia^fl^ch as glass. 
The pixel electrode cluster region contains pixel electrodes (not shown) connected to the 
current TFTs 123 and arranged on the substrate 2 in a matrix. As shown in FIG. 2, the 
luminescent power-supply lines 103 (103R, 103G, and 103B) are arranged around the pixel 
electrode cluster region and each connected to the corresponding pixel electrodes. The 
display pixel section 3 is disposed above at least the pixel electrode cluster region and has 
substantially a rectangular shape when viewed from above. The display pixel section 3 is 
partitioned into an actual display region 4 (the region surrounded by the two-dot chain line in 
the figure) placed at the center area and a dummy region 5 (the region between the dotted line 
and the two-dot line) placed around the actual display region 4 (this region may be referred to 
as an effective display region). 
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[0044] In the figure, the scanning driving circuits 105 described above are disposed 
at bothr sides of the actual display region 4. The scanning driving circuits 105 are placed on 
the back of the dummy region 5 (that is, on the side close to the substrate 2). Furthermore, 
scanning line-driving circuit control signal lines 105a and scanning line-driving circuit 
power-supply lines 105b connected to the scanning driving circuits 105 are placed on the 
back of the dummy region 5. The inspection circuit 106 is disposed above the actual display 
region 4. The inspection circuit 106 placed on the back of the dummy region 5 (that is, on 
the side close to the substrate 2). The quality and defects of the electro-optical device 1 can 
be checked using the inspection circuit 106 during the manufacture thereof or at the time of 
the delivery thereof 

[0045] As shown in FIG. 2, the red, green, and blue luminescent power-supply lines 
103R, 103G, and 103B are arranged around the dummy region 5. The red, green, and blue 
luminescent power-supply lines 103R, 103G, and 103B extend from the back of the substrate 
2, extend upward along the scanning line-driving circuit power-supply lines 105b, bend at the 
positions that the scanning line-driving circuit power-supply lines 105b terminate, and further 
extend along the outside of the dummy region 5 such that the red, green, and blue 
luminescent power-supply lines 103R, 103G, and 103B are connected to the pixel electrodes 
(not shown) disposed in the actual display region 4. A first cathode line 12a connected to the 
cathode 12 is disposed on the substrate 2. The first cathode line 12a has substantially a "C" 
shape when viewed from above and are arranged such that the cathode 12 surrounds the red, 
green, and blue luminescent power-supply lines 103R, 103G, and 103B. 

[0046] The actual display region 4 and the dummy region 5 are surrounded by the 
first cathode line 12a and the red, green, and blue luminescent power-supply lines 103R, 
103G, and 103B. A plurality of the scanning lines 101 shown in FIG. 1 are arranged in the 
actual display region 4 and the signal lines 102 extend such that each signal line 102 and 
scanning line 101 cross. That is, the scanning lines 101 and the signal lines 102 are arranged 
in an area on the substrate 2 such that the area is surrounded by the first cathode line 12a and 
the red, green, and blue luminescent power-supply lines 103R, 103G, and 103B on three 
sides. 

[0047] The first cathode line 12a and the red, green, and blue luminescentp^ww- 
, supply lines 103R >^j^> and 103B > which are characteristic of the present inv^tiorv^ 
( nov/ be described/Ag^hdwn in FIG. 1, currents applied from the red, green, and blue 
^uminescenTpo^r-supply lines 103R, 103G, and 103B to the light-emitting layers 110 flow 
into the cathode 12 (first cathode line 12a). Thus, an increase in resistance of the first 
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cathode line 12a, of which the width is limited, causes a serious voltage drop. Therefore, the 
voltage of the first cathode line 12a fluctuates depending on the position, thereby causing 
wrong image display such as law contrast. 

[0048] In this^mbodiment, in order to prevent such a problem, the first cathode line 
12a has an area larger than that of each of the red, green, and blue luminescent power-supply 
lines 103R, 103G, and 103B. The first cathode line 12a preferably has a large area in order to 
obtain a low resistance. However, the area of the first cathode line 12a is limited to a certain 
extent because various wiring lines are arranged on the substrate 2, as shown in FIG. 2. 

[0049] On the assumption that the first cathode line 12a has the same resistance per 
unit length as that of each of the red, green, and blue luminescent,ff6wefc-supply lines 103R, 
103G, and 103B, the following configuration has been designfedjf ^t le^st part of the first 
cathode line 12a has a width larger than that of each of the rea^-tfen, and blue luminescent 
power-supply lines 103R, 103G, and 103B and therefore the first cathode line 12a has an area 
larger than that of each of the red, green, and blue luminescent power-supply lines 103R, 
103G, and 103B. In the configuration shown in FIG. 2, the entire first cathode line 12a has a 
width larger than that of each of the red, green, and blue luminescent power-supply lines 
103R, 103G, and 103B. J>£5^^ 

[0050] Suppos e that the same voltage is applied to the red, green, and blue 
luminescent power-supply lines 103R, 103G, and 103B; the red, green, and blue luminescent 
power-supply lines 103R, 103G, and 103B have the same width; the same current flows in 
the red, green, and blue luminescent power- supply lines 103R, 103G, and 103B; and all the 
light-emitting layers 110 have the same electric properties. The total of the currents flowing 
in the light-emitting layers 110 and the red, green, and blue luminescent power-supply lines 
103R, 103G, and 103B flows into the first cathode line 12a. Thus, in order to cause the 
voltage drop in the first cathode line 12a to remain within the same order of magnitude as that 
of the red, green, and blue luminescent power-supply lines 103R, 103G, and 103B, the first 
cathode line 12a preferably has a width larger than the total of the width of the red, green, and 
blue luminescent power-supply lines 103R, 103G, and 103B. e s^J t ^°^ 

[0051] However, in the electro-optical device 1 of this4mbodiment, the light- 
emitting layers 1 10 have different properties depending on color; different voltages are 
applied to the red, green, and blue luminescent power-supply lines 103R, 103G, and 103B 
depending on color; and therefore different currents flow. Therefore, in thiy embodiment, the 
first cathode line 12a preferably has a width larger than that of one luminescent power-supply 
line in which the largest current flows (that is, the largest voltage drop is caused). The other 
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luminescent power-supply lines have a smaller width because smaller voltages are applied 
and therefore smaller currents flow, as compared with this line. 

[0052] Thus, the first cathode line 12a has a width larger than that of the red, green, 
and blue luminescent power-supply lines 103R, 103G, and 103B. The first cathode line 12a 
and the red, green, and blue luminescent power-supply lines 103R, 103G, and 103B are 
designed in such a manner. In the configuration shown in FIG. 2, the entire first cathode line 
12a has a width larger than that of the red, green, and blue luminescent power-supply lines 
103R, 103G, and 103B. However, at least part of the first cathode line 12a may have a width 
larger than that of the red, green, and blue luminescent power-supply lines 103R, 103G, and 
103B depending on the arrangement of the lines. 

[0053] As shown in FIG. 2, a polyimide tape 130 is provided at one end of the 
substrate 2 and a control integrated circuit (control IC) 131 is mounted on the polyimide tape 
130. The control IC 131 includes the data-side driving circuit 104, a cathodic power-supply 
circuit 131, and the luminescent power-supply circuit 132. 

[0054] As shown in FIGS. 3 and 4, the substrate 2 has a circuit section 1 1 thereon 
and the display pixel section 3 is disposed on the circuit section 11. The substrate 2 includes 
a sealing member 13 surrounding the display pixel section 3 and further includes a sealing 
substrate 14 disposed above the display pixel section 3. The sealing substrate 14 and the 
substrate 2 are joined each other with the sealing member 13 disposed therebetween. The 



sealing substrate 14 co mpris es glass, metal, a resin, or the like. An adsorbent 15 is disposed 
on the back of the sealing substrate 14 in an adhered manner and adsorbs moisture and/or 
oxygen leaking in a space between the display pixel section 3 and the sealing substrate 14. A 



epoxy resin, which is one of thermosetting resins, in particular. 

[0055] A pixel electrode cluster region 1 la is disposed at the center of the circuit 
section 11. The pixel electrode cluster region 1 la contains the current TFTs 123 and the 
pixel electrodes 111 connected to the current TFTs 123. The current TFTs 123 are placed 
below a base-protecting layer 281, a second interlayer-insulating layer 283, and a first 
interlayer-insulating layer 284 arranged on the substrate 2 in that order. The pixel electrodes 
1 1 1 are disposed on the first interlayer-insulating layer 284. Each current TFT 123 has a 
source electrode disposed on the second interlayer-insulating layer 283 and the source 
electrode is connected to each luminescent power-supply line 103 (103R, 103G, or 103B). 
The capacitors Cap and the switching TFTs 1 12 are disposed in the circuit section 1 1, which 
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are not shown in FIGS. 3 and 4. The signal lines 102 are also not shown in FIGS. 3 and 4. 
Furthermore, the switching TFTs 1 12 and the current TFTs 123 are not shown in FIG. 4. 

[0056] As shown in FIG. 3, the scanning driving circuits 105 are disposed at both 
sides of the pixel electrode cluster region 11a. As shown in FIG. 4, the inspection circuit 106 
is disposed at the left side of the pixel electrode cluster region 11a. Each scanning driving 
circuit 105 includes first TFTs 105c, which are of n or p-channel type and are components of 
an inverter included in the shift register. The first TFTs 105c have the same configuration as 
that of the current TFTs 123 except that the first TFTs 105c are not connected to the pixel 
electrodes 111. The inspection circuit 106 includes second TFTs 106a. The second TFTs 
106a have the same configuration as that of the current TFTs 123 except that the second 
TFTs 1 06a are not connected to the pixel electrodes 111. 

[0057] As shown in FIG. 3, the scanning line-driving circuit control signal lines 
105a are each disposed at corresponding areas that are each located outside the corresponding 
scanning driving circuits 105 and located on the base-protecting layer 281. Furthermore, the 
scanning line-driving circuit power-supply lines 1 05b are each disposed at corresponding 
areas outside the corresponding scanning line-driving circuit control signal lines 105a and 
located on the second interlayer-insulating layer 283. As shown in FIG. 4, the inspection- 
circuit control signal line 106b is disposed at an area that is located on the left side of the 
inspection circuit 106 and located on the base-protecting layer 281. Furthermore, the 
inspection-circuit power-supply line 106c is disposed at an area that is located on the left side 
of the inspection-circuit control signal line 106b and located on the second interlayer- 
insulating layer 283. The luminescent power-supply lines 103 are disposed outside the 
regions where the scanning line-driving circuit power- supply lines 105b are disposed. The 
luminescent power- supply lines 103 have a dual wiring structure consisting of two-types of 
wiring lines and are arranged outside the display pixel section 3. Such a dual wiring structure 
provides low resistance. 

[0058] For example, one of the red luminescent power-supply lines 103R disposed 
at a left area of FIG. 3 includes a first red line 103Ri disposed on the base-protecting layer 
281 and a second red line 103R2 disposed above the first red line 103Ri with the second 
interlayer-insulating layer 283 disposed therebetween. As shown in FIG. 2, the first red line 
103Rj is connected to the second red line 103R2 with a contact hole IO3R3 extending through 
the second interlayer-insulating layer 283. The first red line 103Ri and the first cathode line 
12a are disposed on the same layer and the second interlayer-insulating layer 283 lies 
between the first red line 103Ri and the first cathode line 12a. As shown in FIGS. 3 and_4, 
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the first cathode line 12a is electrically connected to a second cathode line 12b, disposed on 
the second interlayer-insulating layer 283, with a contact hole. That is, the first cathode line 
12aJ^as^§^a dual wiring structure. The second red line 103R 2 and the second cathode line 
12b are disposed on the same layer and the first interlayer-insulating layer 284 lies between 
the second red line 103R 2 and the second cathode line 12b. Such a configuration provides 
second capacitors C2<each dispose/a between the first red line 103Rj and the first cathode line 
12a and also dispoSed-ber^een the second red line 103R2 and the second cathode line 12b. 

[0059] The green and blue luminescent power-supply lines 103G and 103B also 
have a dual wiring structure. The green and blue luminescent power- supply lines 103G and 
103B each include a first green line 103Gi and a first blue line 103Bi, respectively, both 
disposed on the base-protecting layer 281 and also each include a second green line 103G2 
and a second blue line 103B2, respectively, both disposed on the second interlayer-insulating 
layer 283. As shown in FIGS. 2 and 3, the first green line 103Gi is connected to the second 
green line 103G2 with a green contact hole IO3G3 extending through the second interlayer- 
insulating layer 283, and the first blue line 103Bi is connected to the second blue line 103B 2 
with a blue contact hole 103B 3 extending through the second interlayer-insulating layer 283. 
The second capacitors C 2 are each disposed between the first blue line 103Bi and the first 
cathode line 12a and also disposed between the second blue line 103B2 and the second 
cathode line 12b. 

[0060] The distance between the first and second red lines 103Ri and 103R 2 is 
preferably 0.6 to 1.0 j^m. When the distance is smaller than 0.6 jam, the parasitic capacitance 
between source lines and gate lines, as well as the signal lines 102 and the scanning lines 101, 
having different potentials is increased, which is not preferable. For example, in the actual 
display region 4, there are many crossover sites of the source lines and gate lines. Therefore, 
there is a problem in that the delay of data signals is caused due to a large parasitic 
capacitance. Thus, the data signals cannot be written in the pixel electrodes 11 1 in a 
predetermined period, thereby causing low contrast. The second interlayer-insulating layer 
283 disposed between the fi^tjgn^^^co^id red luminescent power-supply lines 103Ri and 
103R 2 preferab ly c@mpr>^€S Si02 or th^ike. When the second interlayer-insulating layer 283 
has a thickness ofl^^im-erTiIofe, there is a problem in that the substrate 2 cracks due to the 
stress of SiCb. 

[0061] As shown in FIG. 4, the luminescent power-supply lines 103 has a dual 
wiring structure. The area of each luminescent power-supply line 103 is herein defined as the 



12 

area of a line (for example, each second red line 103R2, second green line 103G2, or second 
blue line IO3B2) included in the dual wiring structure. 

[0062] The cathode 12 extending from the display pixel section 3 is disposed above 
the red luminescent power-supply lines 103R. That is, the^secopd-*^^ of the red 

luminescent power-supply lines 103R face the cathode 12, with the first interlayer-insulating 
layer 284 disposed therebetween. Such a configuration p ro^idft s the first capacitors Ci taolf 
[ between the cathode 12 and the corresponding seconcTrea~ime&4I)3B^ — — - 
[0063] The distance between the second red lines 103R2 and the cathode 12 is 
prefera&ly, for example, 0.6 to 1 .0 jim. When the distance is smaller than 0.6 ^im, the 
parasitic capacitance between pixel electrodes and source lines having different potentials is 
increased, thereby the delay of data signals in signal lines including the source lines. Thus, 
the data signals cannot be written in a predetermined period, thereby causing low contrast. 
The first interlayer-insulating layer 284 disposed between the second red luminescent power- 
supply lines 103R2 and the cathode 12 preferably comprise|Sig2^an acrylic resin, or the like. 



terably con 

When the first interlayer-insulating layer 28^ comprio^ §iC>2 andJl^s a thickness of 1.0 Jim 
or more, there is a problem in thaTtlje-substrate ^^^^^ ue to * e stress of Si02. When the 
first interlayer-insulating Iayeg^84mmpris<?Ts^ resin, the first interlayer- 

insulating layer 284 may have a thickness of about 2.0 jam. However, since the acrylic resin 
expands when it contains moisture, there is a problem in that pixel electrodes formed on the 
first interlayer-insulating layer 284 crack. 

[0064] As described above, in the electro-optical device 1 of the present invention, 
since the first capacitors Ci are each disposed between the corresponding luminescent power- 
supply lines 103 and the cathode 12, charges stored in the first capacitors Ci are supplied to 
the luminescent power-supply lines 103 when the potential of currents flowing in the 
luminescent power-supply lines 103 fluctuates. That is, the charges compensate for potential 
shortfalls of driving currents, thereby reducing the potential fluctuation. Thus, the image 
display of the electro-optical device 1 can be normally maintained. In particular, since the 
luminescent power- supply lines 103 extend along the cathode 12 disposed outside the display 
pixel section 3, the distance between the luminescent power-supply lines 103 and the cathode 
12 can be reduced such that charges stored in the first capacitors C\ are decreased, thereby 
reducing the potential fluctuation. Thus, a stable image can be displayed. Furthermore, the * 
luminescent power-supply lines 103 each have a dual wiring stmctu ^c onaiating^ a f ^rst and 
second wiring lines and the second capacitors C2 are each disposed between the 
corresponding first wiring lines and the corresponding cathode lines, charges stored in the 
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second capacitors C 2 are also supplied to the luminescent power-supply lines 103, thereby 
further "reducing the potential fluctuation. Thus, the image display of the electro-optical 
device 1 can be normally maintained. 

[0065] A^configuratKjji of the circuit section 1 1 including the current TFTs 123 wi*T 
described in detail^lFIG. Sis^sectional view showing a main part of the pixel 
tetrode clusterregi©ft4+2C^^ in FIG. 5, the base-protecting layer 281 containing 

Si0 2 as a main component is disposed on the substrate 2 and first silicon layers 241 are 
arranged on the base-protecting layer 281 in a dotted manner. The first silicon layers 241 and 
the base-protecting layer 281 are covered with a gate-insulating layer 282 containing Si0 2 
and/or SiN as a main component. First gate electrodes 242 are arranged above first silicon 
layers 241 with the gate-insulating layer 282 disposed therebetween. 

[0066] A sectional configuration of each current TFT 123 is shown FIG. 5. Each 
switching TFT 1 12 has the same configuration as that of the current TFT 123. The first gate 
electrodes 242 and the gate-insulating layer 282 are covered with the second interlayer- 
insulating layer 283 containing Si0 2 as a main component. The term "main component" is 
herein defined as a component having the highest content. 

[0067] Each first silicon layer 241 includes a channel region 241a facing each first 
gate electrode 242, with the gate-insulating layer 282 disposed therebetween. In each first 
silicon layer 241, a first lightly doped source region 241b and a first heavily doped source 
region 241 S are disposed on the right side of the channel region 241a in that order. 
Furthermore, a first lightly doped drain region 241c and a first heavily doped drain region 
24 ID are disposed on the left side of the channel region 241 a in that order. These regions 
form a so-called lightly doped drain (LDD) structure. The first silicon layers 241 is a main 
component of each current TFT 123. 

[0068] The first heavily doped source region 24 IS is connected to each first source 
electrode 243 with each first contact hole 244 extending through the gate-insulating layer 282 
and the second interlayer-insulating layer 283. The first source electrode 243 is a component 
of each signal line 102 described above. On the other hand, the first heavily doped drain 
region 24 ID is connected to each first drain electrode 245, disposed in the same layer as that 
of the source electrode 243, with each second contact hole 246 extending through the gate- 
insulating layer 282 and the second interlayer-insulating layer 283. 

[0069] The first interlayer-insulating layer 284 is disposed on the second interlayer- 
insulating layer 283 having the first source electrode 243 and the first drain electrode 245 
thereon. Each transparent pixel electrode 1 1 1 comprising ITO and so on is disposed on the 
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first interlayer-insulating layer 284 and connected to the first drain electrode 245 with each 
third contact hole 111a extending through the first interlayer-insulating layer 284. That is, 
the pixel electrode 1 1 1 is connected to the first heavily doped drain region 24 ID of the first 
silicon layer 241 with the first drain electrode 245. As shown in FIG. 3, the pixel electrodes 
1 1 1 are arranged in an area corresponding to the actual display region 4 and dummy pixel 
electrodes 1 IT are arranged in an area corresponding to the dummy display region 5. The 
dummy pixel electrodes 1 1 V have substantially the same configuration as that of the pixel 
electrodes 111 except that each dummy pixel electrode 1 1 1' is not connected to the first 
heavily doped drain region 24 ID. 

[0070] The light-emitting layers 110 and a bank portion 122 are disposed in the 
actual display region 4 of the display pixel section 3. As shown in FIGS. 3 to 5, the light- 
emitting layers 1 10 are each placed on the corresponding pixel electrodes 111. The bank 
portion 122 is disposed between pairs of the pixel electrodes 111 and the light-emitting layers 
110, thereby separating the light-emitting layers 110. The bank portion 122 includes an 
inorganic bank layer 122a, disposed at a position close to the substrate^, and an organic bank 
layer 122b, disposed at a position far from the substi^te^ whcrok ij^organic bank layer 
1 12b is disposed on the inorganic bank layer 1 12a. A light-shielding layer may be placed 
between the inorganic bank layer 122a and the organic bank layer 122b. 

[0071] Part of the inorganic bank layer 122a and part of the organic bank layer 122b 
are disposed on the periphery of each pixel electrode 1 1 1 in that order. The inorganic bank 
layer 122a extends to a position closer to the center of the circuit section 1 1 as comp^e^^ij 
the organic bank layer 122b. The inorganic bank layer 122a preferably co mpric Q ^ an 
inorganic mate^ia£sil£h as Si02, TiC>2, or SiN. The inorganic bank layer 122a preferably has 
a thickness of 50 to 200 nm, and more preferably about 150 nm. When the thickness is 
smaller than 50 nm, the inorganic bank layer 122a is thinner than each hole 
injection/transport layer described below and therefore the flatness of the hole 
injection/transport layer cannot be achieved. When the thickness is larger than 200 nm, a 
step due to the inorganic bank layer 122a has a large height and therefore the flatness of each 
light-emitting layer 110 lying on the hole injection/transport^^g^cannot be achieved. 

organic bank layer 12&b ^ mp n^o£ ^ci^j^Xi^ resist material^c! 
x>lyimide resin. The organic bank layer 122b preferably hasinmc 



[0072] The organic bank layer \^^e^^^^£^or^xi^ resist material^ch as 
an acrylic resin or a polyimide resin. The organic bank layer 122b preferably hasinmckness 
of 0.1 to 3.5 |im, and more preferably about 2 |am. When the thickness is smaller than 
0.1 fim, the total of the hole injection/transport layer thickness and the light-emitting layer 
110 thickness exceeds the thickness of the organic bank layer 122b, thereby causing a 
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problem in that a material contained in the light-emitting layer 110 extends out of the upper 
opening. When the thickness is larger than 3.5 jam, a step disposed at the upper opening has 
a large height and therefore the step coverage of the cathode 12 disposed on the organic bank 
layer 122b cannot be sufficiently achieved. When the thickness is about 2 |^m, the cathode 12 
can be securely insulated from the pixel electrode 111. Thus, the light-emitting layer 1 10 has 
a thickness smaller than that of the bank portion 122. 

[0073] The bank portion 122 has lyophilic regions and lyophobic regions. The 
lyophilic regions are disposed on the inorganic bank layer 122a and the pixel electrodes 111. 
Lyophilic groups, such as hydroxyl groups, formed by plasma treatment using oxygen as 
reactive gas are disposed in these regions. The lyophobic regions are disposed on the organic 
bank layer 122b. Lyophobic groups, such as fluorine groups, formed by plasma treatment 
using tetrafluoromethane as reactive gas are disposed in these regions. 

[0074] As shown in FIG. 5, the light-emitting layers 1 10 are each disposed on 
corresponding hole injection/transport layers 1 10a eachJ^isp^djali the corresponding pixel 
electrodes 111. A configuration incluctingxachJight^ layer 110 and each hole 

injection/transport layer 1 10a is herein defined as a functional layer, and a configuration 
including each pixel electrode 1 1 1, the functional layer, and the cathode 12 is herein defined 
as an light-emitting element. The hole injection/transport layer 1 10a has a function of 
injecting holes to the light-emitting layer 1 10 and also has a function of transport holes in the 
hole injection/transport layer 1 10a. Since the hole injection/transport layer 1 10a is disposed 
between the pixel^elecfrod^l 1 and the light-emitting layer 1 10, the light-emitting layer 110 
ha^ ggj^^efement pro p^eyraph as light-emitting efficiency and life. In the light- 
emitting layer 110, fluorescence occurs when holes injected from the hole injection/transport 
layer 1 10a combine with electrons supplied from the cathode 12 combine. The light-emitting 
layers 110 include three types of layers: a red light-emitting layer ft^emitti^ red light, a 
green light-emitting layer fc^emitfh^ green light, and a blue light-emitting layer fy^itt^g 
blue light. As shown in FIGS. 1 and 2, these layers are arranged in a striped pattern. 

[0075] As shown in FIGS. 3 and 4, the dummy region 5 of the display pixel section 
3 includes dummy light-emitting layers 210 and a dummy bank portion 212. The dummy 
bank portion 212 includes a dummy inorganic bank layer 212a disposed at a position close to 
the substrate 2, and a dummy organic bank layer 212b disposed at a position far from the 
substrate 2 # Wherein ^Ifie drnnmy organic bank layer 212b is disposed on the dummy inorganic 
bank la> ? fcr-343a7-- : Rie^ inorganic bank layer 212a is disposed over the dummy pixel 
electrodes 111'. The dummy organic bank layer 212b is disposed between the pixel 
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electrodes 1 1 1 in the same manner as that of the organic bank layer 122b. The dummy light- 
emitting layers 210 are each arranged above the corresponding dummy pixel electrodes 111 1 , 
with the dummy inorganic bank layer 212a disposed therebetween, ^fly QjlS 

[0076] The dummy inorganic bank layer 2 {2a oefflfiwg fl^^garn^lnaterial and 
have the same thickness as the material and thickness of the inorganic 122a 
described above, and the dummy organic bank layer 2£2bjyu^^ and 
have the same thickness as the material and thickness of the organic bank layer 122b 
described above. The dummy light-emitting layers 210 are each disposed on corresponding 
dummy hole injection/transport layers, which are not shown. The dummy hole 
injection/transport layers have substantially the same configuration as that of the hole 
injection/transport layers 1 10a, and the dummy light-emitting layers 210 have substantially 
the same configuration as that of the light-emitting layers 110. Thus, the dummy light- 
emitting layers 210, as well as the light-emitting layers 110, have a thickness smaller than 
that of the dummy bank portion 212. 

[0077] Since the dummy region 5 is placed around the actual display region 4, the 
light-emitting layers 1 10 of the actual display region 4 have a uniform thickness, thereby ^jUvc^ or 
preventing uneven display. That is, since the dummy region 5 is placed, an ejected ink 
composition can be dried under the same condition in the actual display region 4 when the 
display elements are formed by an inkjet process. Thereby, the light-emitting layers 110 
disposed at the periphery of the actual display region 4 have substantially the same thickness 
as that of the other light-emitting layers 110. 

[0078] The cathode 12 extends across the actual display region 4 and the dummy 
region 5 and further extends to positions above the substrate 2, the positions being disposed 
outside the dummy region 5. At the outside of the dummy region 5, that is, at the outside of 
the display pixel section 3, the cathode 12 is directly disposed above the luminescent power- 
supply lines 103. The periphery of the cathode 12 is in contact with substantially the entire 
first cathode line 12a. The cathode 12 acts as a counter electrode for the pixel electrodes 111 
and has a function of transmitting currents to the light-emitting layers 110. The cathode 12 
includes a cathode layer 12b including a lithium fluoride sub-layer and a calcium sub-layer 
and also includes a reflective layer 12c, the reflective layer 12c being disposed on the cathode 
layer 12b. In the cathode 12, only the reflective layer 12c extends outside the display pixel 
section 3. The reflective layer 12c has a function of reflecting light^jemitted from the light; 
emitting layers 1 10, in the direction of the substrate 2 and preferall 



ght-j&mitted from the light- 
ibl^oompns^; for examgje, 



Al, Ag, or anJ£g/Ag layered structure. A protective layer, com p roin^ Si0 2> SiN, or the like, 
f^^reven^<g oxidation may be placed on the reflective layer 12c. t j i fi^ 

[0079] A method for manufacturing the^electro-opticd device 1 of the^mbodiment 
of the present invention will iiqw b ^described/FIGS. 6 to 9 are illustrations showing steps 
of manufacturing the electro-optical device 1. A procedure for forming the circuit section 1 1 
on the substrate 2 is described below with reference to FIGS. 6 to 8. FIGS. 6 to 8 are 
sectional views taken along t he line A- A' of FIG. 2. In the following description, the 
impurity concentration determined after activation annealing is used. a ^ 

[0080] As shown in FIG. 6(a), the base-protecting layer 281 c ompriQirf ^silicon & 
oxide or the like is formed on the substrate 2. An amorphous silicon layer is formed thereon 
by an ICVD process, a plasma CVD process, or the like. Crystal grains in the amorphous 
silicon layer is grown by a laser annealing process or a rapid heating process, thereby 
converting the amorphous silicon layer into a polysilicon layer 501 . The polysilicon layer 
501 is patterned by a photolithographic process such that the first silicon layers 241 and 
second and third silicon layers 251 and 261 are formed in a dotted manner, as shown in FIG. 
6(b). The gate-insulating layer 282 comprising silicon oxide is then formed thereon. 

[0081] Each first silicon layer 241 is a component of each current TFT 123 

(hereinafter 1 1 Pi 1 h i a "pixel TFT" in some cases) that is disposed below the actual 

display region 4 and connected to each pixel electrode 111. Each second silicon layer 241 is 
a component of each p-channel type TFT and each third silicon layer 261 is a component of 
each n-channel type TFT # whorc in ^fiese TFTs are included in the scanning driving circuits 
105 and/fiereipaffer referred to as "driving circuit TFTs" in some cases. 

[0082] The gate-insulating layer 282 is formed by a plasma CVD process, a thermal 
oxidation process, or the like such that the gate-insulating layer 282 covers the base- 
protecting layer 281 and the first, second, and third silicon layers 241, 2517and'261 arichhas a 
thickness of about 30 to 200 nm. The gate-insulating layer 282 comprise sihcon^QXidc: If 
the gate-insulating layer 282 is formed by a thermal oxidation process, the first, second, and 
third silicon layers 241, 251, and 261 can be crystallized, thereby converting these silicon 
layers into polysilicon layers. In order to perform channel doping, for example, boron ions 
are implanted at a dose of about 1 x 10 12 cm" 2 during the above process. Thereby, the first, 
second, and third silicon layers 241, 251, and 261 are converted into lightly doped p-type 
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silicon layers having an impurity concentration of about 1x10* cm* . 

[0083] As shown in FIG. 6(c), first ion-implanting selection masks Mi each are 
formed on corresponding portions of the first and third silicon layers 241 and 261 and 
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phosphorus ions are then implanted at a dose of about 1 x 10 15 cm" 2 . As a result, a large 
amount of dopants are introduced into the silicon layers in such a manner that the dopants are 
self-aligned with respect to the ion-implanting selection masks Mi. Thereby, the first heavily 
doped source region 24 IS and the first heavily doped drain region 241D are formed in each 
first silicon layer 241, and a third heavily doped source region 26 IS and a third heavily doped 
drain region 26 ID are formed in each third silicon layer 261. 

[0084] As shown in FIG. 6(d), after the ion-implanting selection masks Mi are 
removed, doped silicon layers, silicide layers, or metal la^pr^uch as aluminum layers, 
chromium layers, or tantalum layers are formed on the gate-insulating layer 282 such that the 
layers have a thickness of about 200 nm. The layers are then patterned, thereby forming the 
first gate electrodes 242 of pixel TFTs, second gate electrodes 252 of p-channel type TFTs 
for driving circuits, and third gate electrodes 262 of n-channel type TFTs for the driving 
circuits. During the patterning step, the following lines are simultaneously formed: the 
scanning line-driving circuit control signal lines 105 a, the first red, green, and blue lines 
103Ri, 103Gi, and 103Bi of the luminescent power-supply lines 103, and a portion of the 
first cathode line 12a. 

[0085] Phosphorus ions are then implanted in the first, second, and third silicon 
layers 241, 251, and 261 at a dose of about 4 x 10 13 cm" 2 using the first, second, and third 
gate electrodes 242, 252, and 262 as masks. As a result, a small amount of dopants are 
introduced into the silicon layers in such a manner that the dopants are self-aligned with 
respect to the first, second, and third gate electrodes 242, 252, and 262. Thereby, as shown in 
FIG. 6(d), the first lightly doped source region 241b and the first lightly doped drain region 
241c are formed in each first silicon layer 241, a third lightly doped source region 261b and a 
third lightly doped drain region 261c are formed in each third silicon layer 261. Furthermore, 
a second lightly doped source region 25 1 S and a second lightly doped drain region 25 ID are 
formed in each second silicon layer 251 . 

[0086] As shown in FIG. 7(a), a second ion-implanting selection mask M 2 is formed 
over the substrate 2 other than the vicinities of the second gate electrodes 252. Boron ions 
are then implanted in the second silicon layers 251 at a dose of about 1.5 x 10 15 cm* 2 using 
the second ion-implanting selection mask M 2 . The second gate electrodes 252 also function 
as masks, whereby the second silicon layers 251 are heavily doped with dopants in a self- 
aligned manner. Thereby, the second lightly doped source regions 25 IS and the second 
lightly doped drain regions 25 ID are counter-doped. As a result, each second lightly doped 
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source region 25 IS and second lightly doped drain region 25 ID function as a source region 
and drain region, respectively, of each p-channel type TFT for the driving circuits. 

[0087] As shown in FIG. 7(b), after the second ion-implanting selection mask M 2 is 
removed, the second interlayer-insulating layer 283 is formed over the substrate 2. The 
second interlayer-insulating layer 283 is then lithographically patterned to form first openings 
Hi for forming contact holes at positions corresponding to the first cathode line 12a and the 
source and drain electrodes of the TFTs. As shown in FIG. 7(c), a conductive layer 504 
containing met^^uch as aluminum, chromium, or tantalum and having a thickness of about 
200 to 800 nm is formed over the second interlayer-insulating layer 283, thereby packing the 
metal into the first openings Hi to form contact holes. Patterning masks M3 are then formed 
on the conductive layer 504. 

[0088J As shown in FIG. 8(a), the conductive layer 504 is patterned using the 
patterning masks M3 to form the first source electrodes 243 and second and third source 
electrodes 253 and 263 of the TFTs; metal portions packed into the first contact holes 244 
and second and third contact holes 245 and 246; the second red, green, and blue lines 103R2, 
103G2, and 103B 2 of the luminescent power-supply lines 103; the scanning line-driving 
circuit power- supply lines 105b; and the second cathode line 12b. 

[0089] According to the above configuration, the first red and blue lines 103Ri and 
103Bi and the first cathode line 12a are arranged on the same layer in a separated manner, 
whereby the second capacitors C2 are formed. 

[0090] After the above steps, as shown in FIG. 8(b), the first interlayer-insulating 
layer 284 comprising, for example, a resin mate paJ^ uch as an acrylic materi^js formed over 
the second interlayer-insulating layer 283. The first interlayer-insulating layer 284 preferably 
has a thickness of about 1 to 2 |im. As shown in FIG. 8(c), in the first interlayer-insulating 
layer 284, portions corresponding to the first contact holes 244 are removed by an etching 
process to form second openings H2 fb^brm^g contact holes. In this procedure, a portion of 
the first interlayer-insulating layer 284 corresponding to the first cathode line 12a is also 
removed. Thereby, the circuit section 1 1 is formed on the substrate 2. * t 

[0091] With reference to FIG. 9, the following procedure will now h<< describecy , 
t/ie display pixel section 3 is formed on the circuit section 11 to obtain the electro-optical 
device 1. FIG. yif* sectionarvig^t^en along the line A-A 1 of FIG. 2. As shown in FIG. 
9(a), a thin-film aompriaia jfa transparent electrode materiaLettch as YT<yiG formed over the 
substrate 2, thereby packing such a material into the seconaopenings nFT^Tdisposed in the first 
interlayer-insulating layer 284, to form the third contact holes 111a. The formed thin-film is 
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then patterned, whereby the pixel electrodes 1 1 1 and the dummy pixel electrodes 1 IT are 
formed. The pixel electrodes 1 1 1 are formed only in an area for forming the current TFTs 
123 (switching elements) and are each connected to the current TFTs 123 with the third 
contact holes 111a. The dummy pixel electrodes 1 IT are arranged in a dotted manner. 

[0092] As shown in FIG. 9(b), the inorganic bank layer 122a and the dummy 
inorganic bank layer 212a are formed over the first interlayer-insulating layer 284, the pixel 
electrodes 111, and the dummy pixel electrode 111'. The inorganic bank layer 122a has 
openings corresponding to the pixel electrodes 111 and the dummy inorganic bank layer 212a 
completely covers the dummy pixel electrode 111 1 . The inorganic bank layer 122a anp 
dummy inorganic bank layer 212a are formed according to the following procedjdre^ $i 
inorganic layer containing Si02, Ti0 2 , SiN, or the like are formed over the first interlayer- 
insulating layer 284 and the pixel electrodes 111, and the formed inorganic layer is then 
patterned. 

[0093] Furthermore, as shown in FIG. 9(b), the organic bank layer 122b and the 
dummy organic bank layer 212b are formed on the inorganic bank layer 122a and the dummy 
inorganic bank layer 212a, respectively. The organic bank layer 122b disposed on the 
inorganic bank layer 122a has openings corresponding to the pixel electrodes 111 and the 
dummy organic bank layer 212b has openings from which parts of the dummy inorganic bank 
layer 212a appear. According to the above procedure, the bank portion 122 is formed on the 
first interlayer-insulating layer 284. 

[0094] The lyophilic regions and the lyophobic regions are formed on the bank 
portion 122r In this/£mbodiment^Jhese regions are formed by a plasma-treating process. In 
particular, tiieTrtasina^IreaSng process includes at least a lyophilicity-providing step of 
rendering the pixel electrodes 111, the inorganic bank layer 122a, and the dummy inorganic 
bank layer 212a lyophilic and a lyophobicity-providing step of rendering the organic bank 
layer 122b and the dummy organic bank layer 212b lyophobic. 

[0095] Lypphihcity and lyophobicity are provided to predetermined regions 
according to the/following procedure: the bank portion 122 is heated to a predetermined 
temperature^for exapapre, about 70 to 80°C); first plasma treatment (O2 plasma treatment) 
using oxygen as reactive gas is performed in the atmosphere in the lyophilicity-providing 
step; second plasma treatment (CF4 plasma treatment) using tetrafluoromethane as reactive 
gas is performed in the atmosphere in the lyophobicity-providing step; and the bank portion 
122 heated for plasma treatment is then cooled to room temperature. 
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[0096] The light-emitting layers 1 10 are formed on the corresponding pixel 
electrodes 1 1 1 and the dummy light-emitting layers 210 are formed on corresponding potions 
of the dummy inorganic bank layer 1 12a by an inkjet process. The light-emitting layers 110 
and the dummy light-emitting layers 210 are formed according to the following procedufeV/ 

ink composition containing a hole injection/transport material is discharged onto 
predetermined portions and then dried, and another ink composition containing a light- 
emitting material is discharged onto the portions and then dried. After the light^emittin^ 
layers 1 10 and the dummy light-emitting layers 210 are formed, in order tofprevent the hole 
injection/transport material and the light-emitting material from being oxidized, subsequent 
steps are preferably performed in an inert gas atmosphere such as a nitrogen atmosphere or an 
argon atmosphere. 

[0097] As shown in FIG. 9(c), the cathode 12 covers the bank portion 122, the 
light-emitting layers 110, and the dummy light-etnHting layers 210. The cathode 12 is 
formed according to the following procedure^ jhe cathode layer 12b is formed over the bank 
portion 122, the light-emitting layers llOt^an^il^dummy light-emitting layers 210, and the 
reflective layer 12c connected to the first cathode line 12a disposed above the substrate 2 is 
formed over the cathode layer 12b. Therefore, the reflective layer 12c extends from the 
display pixel section 3 to positions above the substrate 2 such that the reflective layer 12c is 
connected to the first cathode line 12a, and the reflective layer 12c is disposed directly above 
the luminescent power-supply lines 103, with the first interlayer-insul^^g^^284^ 
disposed therebetween. Such a configuration provides the first capacitors Cifeachfclisposed 
between the corresponding luminescent power-supply lines 103 and the reflective layer 12c, 
that is, the cathode 12. Finally, the sealing member 13 c ompris mg an epoxy resin or the like 
is provided on the substrate 2 and the sealing substrate 14 is joined to the substrate 2 with the 
sealing member 13 disposed therebetween. According to the above procedure, the electro- 
optical device 1 shown in FIGS. 1 to 4 is completed. 

[0098] For example, a notebook-type personal computer (electronic apparatus) 600 
shown in FIG. 10 is manufactured by installing electronic components, such as an electro- 
optical device manufactured according to the above procedure, a motherboard including a | 
central processing unit (CPU), a keyboard, and a hard disk, in a casing. FIG. 10 is (b~s 
-lfttrsti alk*r showing an exemplary electronic apparatus including an electro-optical device ^ 
according to ai^m^o^ment^of the present invention. In FIG. 10, reference numeral 601 
represents a casing, reference numeral 602 represents a liquid crystal display, and reference 
numeral 603 represents a keyboard. FIG. 1 1 is a^erspective view showing a mobile phone 



for illustrating anothei^lectronic apparatus. In FIG. 11, reference numeral 700 represents the 
mobile phone, reference numeral 701 represents an antenna, reference numeral 702 
represents a receiver, reference numeral 703 represents a microphone, reference numeral 704 
represents a liquid crystal display, and reference numeral 705 represents an operating button 
section. 

[0099] In the above description, the notebook-type personal computer 600 and the 
mobile phone 700 are illustrated as electronic apparatuses. However, the present invention is 
not limited to such apparatuses and covers other electronic apparatuses-such as liquid crystal 
projectors, multimedia personal computers (PCs), multimedia engineCnng work stations 
(EWSs), pagers, word processors, televisions, viewfinder-type or direct view-type video tape 
recorders, el ecfronic/notebooks, portaWe electronic calculators, car navigation systems, POS 
terrfimals,/tou^^^el-including apparatuses^ &J£&fft>*~* 

[Lvantat^T 

[0100] As described above, according to the present invention, a cathode line has an 

area larger than that of each power-supply line such that the cathode line has a small wiring 

resistance. Therefore, there is an advantage in that the voltage drop can be reduced. Thus, 

there is also an advantage in that steady image signals can be transmitted, thereb^preventing 

* wropg image displajt^uch as low contrast. f C ^ J ^ 



